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[Title of Invention]: 

Circuit Simulation Method, Apparatus, and Model for simulating a 
Field Effect Transistor 

[Abstract] 

[PURPOSE] To provide a circuit simulation method, apparatus and model for simulating a field 
effect transistor for estimating a frequency dependence of performances of a field effect transistor via 
an equivalent circuit, with which, it is particularly able to approximate the frequency dependence in a 
high frequency region to such a high level of accuracy as has been impossible to attain with a prior art. 
[CONSTITUTION] In association with a method of simulating a frequency dependence of 
performances of a field effect transistor by use of an equivalent circuit, the method according to the 
invention, in particular, approximates the frequency dependence of the field effect transistor 
characteristics based on a resistance value of a gate electrode which is calculated incorporating the 
contribution of a practical reduction in the cross-sectional area of the gate electrode due to the skin 
effect exerted in association with a current of a high frequency region. 

[Scopes of Claims] 

[Claim 1] A method for a circuit simulation of a field effect transistor for estimating a 

frequency dependence of the characteristics of a field effect transistor using an equivalent circuit, in 
particular, comprising: 

deriving magnitude of the resistance of a gate electrode incorporating the contribution of an 
effective reduction in the cross-sectional area of the gate electrode due to a skin effect exerted in a high 
frequency region, and 

estimating the characteristics of the field effect transistor at various frequencies basing on 
the magnitude of the gate electrode resistance. 

[Claim 2] The method of simulating a field effect transistor circuit according to claim 1 , in 

which, in particular, the magnitude of the gate electrode resistance is derived as a function of: 
the magnetic permeability of the material constituting the gate electrode; 
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the specific resistance of the material constituting the gate electrode; 
the thickness of the gate electrode; and 
the width of the gate electrode; 
[Claim 3] The method of simulating a field effect transistor circuit according to claim 2, in 

which, in particular, the magnitude of the gate electrode resistance is defined by the function: 
R 9 Htf 1 2 
8 2(t + w) y S t + w-28 ; 

wherein, R g being the resistance of the gate electrode; 

// being the magnetic permeability of the gate electrode material; 

p being the specific resistance of the gate electrode material; 

t being the thickness of the gate electrode; 

w being the width of the gate electrode; and 

8 being the thickness of the area where an electric current flows. 
[Claim 4] The method of simulating a field effect transistor circuit according to either of 

claims 1, 2 or 3, in which, in particular, the equivalent circuit is an equivalent circuit described by 
using lumped constants. 

[Claim 5] The method for simulating a field effect transistor circuit according to either of 

claims 1, 2 or 3, in which, in particular, the equivalent circuit is configured by a gate electrode, a drain 
electrode and a source electrode of which at least one of the electrodes is described by using 
distributed constants. 

[Claim 6] An apparatus for a circuit simulation of a field effect transistor for estimating a 

frequency dependence of the characteristics of a field effect transistor using an equivalent circuit, in 
particular, comprising: 

a means for storing a program for deriving a magnitude of the resistance of a gate electrode 
incorporating the contribution of an effective reduction in the cross-sectional area of the gate electrode 
due to a skin effect exerted in a high frequency region, 

a means for deriving the gate electrode of the gate electrode by reading out and executing 
said program, and 

a means for estimating the characteristics of the field effect transistor at various frequencies 
basing on the magnitude of the resistance of the gate electrode. 

[Claim 7] A circuit simulation model of a field effect transistor for estimating a frequency 

dependence of the characteristics of a field effect transistor using an equivalent circuit, in which, in 
particular, the magnitude of the resistance of the gate electrode of the field effect transistor is derived 
incorporating the contribution of an effective reduction in the cross-sectional area of the gate electrode 
due to a skin effect exerted in a high frequency region. 
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[Detailed explanation of the inv ntion] 

[0001] 

[Field of the technology] This invention is concerned with circuit simulation of a field effect 
transistor for estimating the frequency dependence of a field effect transistor characteristics by means 
of using an equivalent circuit, and, in particular, with a circuit simulation method, a circuit simulation 
apparatus and a circuit simulation model which are capable of estimating the characteristics of a field 
effect transistor at a high level of accuracy even when it is operating in a high frequency region. 
[0002] 

[The prior technology] Semiconductor elements made from compound semiconductor 

materials are widely used in assembling commercial products, particularly in product assemblies 
requiring an operation at a high frequency or a high-speed, because of the high electron mobility 
inherent in compound semiconductor materials. Field effect transistors such as MESFET and HEMT 
are well known examples of compound semiconductor elements and, in recent years, increasing 
amount of efforts are put into studies for configuring large scale integrated circuits (LSI) and 
high-frequency circuits using these field effect transistors. 

[0003] In association with a process of designing whole of an LSI circuit or a high-frequency circuit 
incorporating field effect transistors, it is considered a general practice to use a circuit simulation 
model for estimating the measured values of the characteristics (such as the S parameter) of a field 
effect transistor at a stage of designing the entire circuit. And for this reason, it is an extremely 
important issue how to constitute a simulation model which is capable of estimating the frequency 
characteristics of a field effect transistor at a high level of accuracy in order to be successful in 
designing LSIs and high-frequency circuits. 

[0004] It is well known and commonly practiced for sometime to use an equivalent circuit of a lumped 
constant type or of a distributed constant type, which takes into account an electrode length factor for 
expressing the frequency characteristics of a field effect transistor. In the case of an equivalent circuit 
of a lumped constant type, for example, as shown in Fig. 5, a circuit model is configured from a gate 
resistor R g , a drain resister R d9 a source resister R S9 a gate inductance L g , a drain inductance L d , a source 
inductance Z 5 , a gate-drain capacitance C gd , a gate-source capacitance C gs , a source-drain capacitance 
Ck, a drain conductance C* a mutual conductance C m , and a channel resistance R is , and then the circuit 
model is used for deriving the S parameter of a field effect transistor by giving these variables values 
empirically determined so that the circuit for the simulation gives estimation results that match with 
the actually measured characteristics of the field effect transistor. 

[0005] In the case of using an equivalent circuit of a distributed constant type, an example of which is 
shown in Fig. 6, a model circuit is configured from a gate resister of which the unit length resistance is 

R , a drain resister of which the unit length resistance is R do , a source resistance R s , a gate 
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inductances of which the unit length inductance is L gQ , a drain inductances of which the unit length 
inductance is L do , a source inductance L 5 , the Y parameter of a true region 7, a gate-drain 
capacitance of which the unit length capacitance is C gdo , a gate-source capacitances of which the unit 
length capacitance is C gs , a source-drain capacitances of which the unit length capacitance is C dS(> , a 
drain conductance of which the unit length conductance is g do , a mutual conductance of which the 

unit length conductance is g , and a channel resistance of which the unit length resistance is R iSo , 

thus containing distributed constants, and the S parameter of a field effect transistor is derived by 
giving these variables with values that match with the measured values of the field effect transistor, 
correspondingly, (for more details of equivalent circuits of a distributed constant type, see for example, 
S. J. Nash, A. Platzker and W. Struble, "Distributed small signal model for multifingered GaAs 
PHEMT/MESFET devices", IEEE Microware and Millimeter-Wave Monolithic Circuits Symposium, 
1996). 

[0006] Independently from above, there are some other circuit simulation models proposed for 
approximating more accurately the frequency characteristics of a field effect transistor, in which 
empirically-determined frequency-dependent functions are employed to represent the gate resistance 
R g constituting an equivalent circuit of either the lumped constant type or the distributed constant type. 
An example of such empirically-determined frequency-dependent functions to represent the gate 
resistance R g is as follows. 

/^=/^xcosh(/^x/), 

wherein, R 0 and R se are constants and f is a frequency. 

[0007] 

[Problems to be solved by the invention] The above described prior art simulation models, employing 
equivalent circuits of a lumped constant type or of a distributed type, do not achieve a sufficient level 
of accuracy in a high-frequency region as they do not take into account the influences associated with 
waves in a high-frequency region. The above described prior art simulation models in which the gate 
resistance R g is represented by a frequency-dependent function, is capable of reproducing accurately 
the characteristics of a field effect transistor for a wave of a certain high-frequency region but the 
•deviation from actually measured characteristics of the corresponding field effect transistor, is known 
to become larger for a wave in a higher-frequency region and achieve only a low level of accuracy for 
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a wave in a frequency region of 50 GHz and higher, because the function employed for a prior art 
simulation model is an empirically derived one and is not based on any physical theory. 
[0008] The objective of the present invention is to offer a method and an apparatus for a circuit 
simulation of a field effect transistor, and a circuit simulation model of a field effect transistor, which 
are capable of approximating the characteristics of a field effect transistor at a high level of accuracy 
even when it is operating in a 50 GHz and higher frequency region. 
[0009] 

[Means for solving the problems] The above objective is achieved by a method of a circuit simulation 
of a field effect transistor, which estimates the frequency characteristics of the field effect transistor by 
using an equivalent circuit, in which, in particular, the frequency characteristics are estimated based on 
the magnitude of a gate electrode resistance derived by taking account of a reduction in the effective 
cross-sectional area due to a skin effect exerted in a high frequency region. It is possible to simulate 
the frequency characteristics of a field effect transistor at a higher level of accuracy by this way as the 
magnitude of a gate electrode resistance is derived here by taking into account a skin effect, which is a 
physical phenomenon exerted in a high frequency region, than the level of accuracy achieved by a 
prior art method in which the magnitude of the gate electrode resistance is represented by an assembly 
of empirically determined components. 

[0010] The above mentioned method of a circuit simulation of a field effect transistor may be 
configured such that the magnitude of a gate electrode resistance is calculated by a function of 
parameters including the magnetic permeability and specific resistance of a gate electrode material, 
and the thickness and width of the gate electrode. In particular, the above mentioned function which is 
associated with the method of a circuit simulation of a field effect transistor may be a following 
function. 

R * = "'"/lit + w) x (/s + 2 / + w-2j> 

wherein, R is the magnitude of the resistance of a gate electrode. 

fi is the magnetic permeability of the material of the gate electrode. 

p is the specific resistance of the material of the gate electrode. 

t is the thickness of the gate electrode. 

w is the width of the gate electrode. 

8 is the thickness of the current flowing area. 
[0011] Alternatively, the equivalent circuit associated with the above method of a circuit simulation of 
a field effect transistor may be an equivalent circuit described by lumped constants. Alternatively, the 
equivalent circuit associated with the above method of a circuit simulation of a field effect transistor 
may be an equivalent circuit of which at least one of gate electrodes, drain electrodes and a source 
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electrode is described by distributed constants. 

[0012] The above objective may alternatively be achieved by a simulation circuit apparatus of a field 
effect transistor for estimating frequency characteristics of a field effect transistor by use of an 
equivalent circuit, which comprises, in particular: 

a means for storing a program for deriving a resistance value of a gate electrode 
incorporating the contribution of a reduction in an effective cross-sectional area of the gate electrode 
due to the skin effect inherent to a wave of a high frequency region, 

a means for deriving the gate electrode of the gate electrode by retrieving and operating 

along said program, and 

a means for estimating the performances of the field effect transistor at various frequencies 

basing on the resistance value of the gate electrode. 

[0013] The above objective may alternatively be achieved by a circuit simulation model of a field 
effect transistor for estimating frequency dependence of the characteristics of a field effect transistor 
using an equivalent circuit, in which, in particular, the magnitude of the resistance of a gate electrode 
of the field effect transistor is determined taking into account a reduction in the effective 
cross-sectional area of the gate electrode due to a skin effect exerted in a high frequency region. 
[0014] 

[Embodiments of the invention] Below is explanations about a method of a circuit simulation and 
about a circuit simulation model of a field effect transistor according to an embodiment of the present 
invention, provided along with Fig.l - Fig.6. Fig.l is a cross-sectional view showing schematically 
the structure of a field effect transistor and the associated skin effect. Fig. 2 is a flowchart showing the 
method of a circuit simulation according to an embodiment of the present invention. Fig.3 is a chart 
showing the frequency dependence of the S parameter of a field effect transistor. Fig.4 is a block 
diagram showing a circuit simulation apparatus according to an embodiment of the present invention. 
Fig.5 is a drawing of a lumped-constant-type equivalent circuit of a field effect transistor. And Fig.6 is 
a drawing of a distributed-constant-type equivalent circuit of a field effect transistor. 
[0015] Firstly, the circuit simulation model according to an embodiment of the present invention is 
explained along with Fig.l. The structure illustrated in Fig.l is a generalized expression of structures 
of field effect transistors composed of a compound semiconductor such as MESFET and HEMT and is 
assumed as a base for configuring a circuit simulation model. In particular, assumed here is a field 
effect transistor which has T-shaped gate electrodes 16 each comprising a contact area 12 for 
connecting to a semiconductor substrate 10 and a wiring area 14 disposed on the contact area 12. 
[001 6] When a current flowing through the gate electrode 16 is a direct current or a wave of a low 
frequency region, the current is distributed evenly across all the cross-sectional area of the gate 
electrode 16. And the magnitude of the gate resistance can be represented by the resistance 

corresponding to the wiring area 14. Namely, the gate resistance for a unit length R gQ is expressed by 
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the following formula, in which the cross-sectional area is given by S, thickness and width of the 
wiring area by /and w respectively and the specific resistance of the gate electrode material by p. 

[0017] When, on the other hand, the current is a wave of a high frequency region, a skin effect is 
known to be exerted and the current of the high frequency region flows only within an area limited to 
positions near to the surface of the gate electrode 16 leaving its inside area with no current flowing 
through. Here, the thickness of the current flowing surface area 8 is expressed by the following 
formula for a magnetic permeability ju , a specific resistance of the gate electrode material p , a 
frequency / and the circular constant TV . 

[0018] Accordingly, assuming the condition of w > t, when 8 > 0.5 x t , the gate resistance R g 
becomes equivalent to the gate resistance for a direct current R go as a no-current area is not produced 
in the gate electrode. Namely, 

••••< 3 > 

On the other hand, when 8 < 0.5 x t, a no-current area 18 emerges as shown in Fig. 1 (b) and the gate 
resistance becomes larger. The cross-sectional area of the current flowing area 5/ is expressed by: 

S f =wt-(t-28)*(w-28), --..(4) 
hence the gate resistance R g is expressed as: 

R.=x»*y Sf - •••• (5) 

This Formula (4) may be written as below when the cross-sectional areas S and 5/ are expressed by 
using the thickness 8 of the current flowing area as shown in Formula (1), the thickness t and the 
width w of the gate electrode 16. 

R = K wt / ,x(l/+2/ ....(6) 



[0019] Formula (6) expresses the magnitude of the gate resistance R g in a form of a function associated 
with a physical phenomenon, a skin effect that is exerted with an electric current of a high frequency 
region as well as being a function of the magnetic permeability ju , the specific resistance of the gate 
electrode material p , the thickness t and the width w of the gate electrode 16 and the frequency /of 
the current. As a result of this, the value of S parameter of a field effect transistor, being derived from 
a corresponding equivalent circuit of the lumped constant type or of the distributed constant type and 
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from the R g calculated from Formula (6), becomes that of higher accuracy than that obtained 
according to a method of a prior art which is associated with a manner of approximating the magnitude 
of the gate resistance from empirically obtained components. 

[0020] It should be ; noted that Formula (6) is a function associated with the square root value of the 
frequency of a current wave, and hence, it is desirable to express the magnitude of the gate resistance 
by a function of a square root of the frequency value, when it is to reflect the influence of a a skin effect 
exerted in association with a wave of a high frequency region. An explanation on the method of a 
circuit simulation using the above described circuit simulation model is made in the following along 
with Fig.2. 

[0021] Fig.2 is a flowchart showing a method of a circuit simulation according to an embodiment of 
the present invention, in which the simulation is performed by a CPU in accordance with the circuit 
simulation model as defined by Formula (6). Firstly, parameter values, the specific resistance of the 
gate electrode material p and the thickness t, width w and magnetic permeability /J of the gate 
electrode are inputted as being required to calculate the gate resistance R g . At the same time values of 
the other parameters than R g are inputted as being required for deriving the S parameter of a field effect 
transistor (step Sll). 

[0022] Next, the frequency f 0 at which a skin effect starts to be exerted is calculated in correspondence 
to the values inputted for the above described parameters. As the frequency f 0 is the value of the 
frequency /shown in Formula (2) when 8 = 0.5/ , it is expressed as follows. 



[0023] Next is a step for comparing the magnitude of the frequency/to be calculated and that of the 
frequency f 0 (step SI 2). The formula for calculating the magnitude of the gate resistance is selected in 
reference to the result of the magnitude comparison between / and f 0 . When / >f 0 , i.e., when a skin 
effect being exerted, the gate resistance is expressed by Formula (6) (step S13). While, if / < fo, a 
skin effect is not exerted and hence the gate resistance is expressed by Formula (1) (step S14). 
[0024] In the next step, the S parameter of a field effect transistor is calculated using the gate 
resistance value R g which is calculated in step S13 or step S14 (step S15). In performing the 
calculation of obtaining the S parameter, a lumped constant type equivalent circuit (Fig.5) or a 
distributed constant type equivalent circuit (Fig. 6) may be employed. For example, when employing a 
distributed constant type equivalent circuit shown in Fig. 6, the gate voltage V g and the drain voltage V d 
are given by the following two stage differential equations, respectively 
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Here, Yy is the Y parameter of the intrinsic region for a unit gate width. Therefore, the S parameter of a 
field effect transistor is obtained from the above equations and the relevant set of the boundary 
conditions. 

[0026] The next step is to determine whether the frequency value /at which the S parameter has been 
calculated is larger than the final value (step S16). If the frequency value/is not larger than the final 
value, the frequency value /is increased by a certain amount, for example by 1 GHz, and the steps of 
from S12 to S16 are repeated for a number of times as may be required (step S17). When the frequency 
value / is determined to be larger than the final value, the calculation is terminated (step SI 8). 
[0027] In the manner as described above, the frequency dependence of the S parameter of a field effect 
transistor is derived, in which the influence of a skin effect exerted at a high frequency region is taken 
into consideration. Fig.3 is a chart showing the frequency dependence of the S parameter (S n 
component) of a field effect transistor. In the chart, the chain line shows the S parameter calculated 
with the circuit simulation model according to this particular embodiment of the present invention, the 
dotted line shows the S parameter calculated according to the circuit simulation model produced by 
using an empirically derived formula for the gate resistance R g , which is the prior art technology, and 
the solid line shows the actually measured S parameter values. 

[0028] In the above, the actually measured S parameter values were obtained in association with an 
HEMT comprising a supply layer of InGaP and a channel layer of InGaAs layer, in which the gate 
length was 0.15 /u , and the gate width was 80 jum . The frequency characteristics measurements 
were conducted by using a vector network analyzer (Hewlett-Packard) which was functional for the 
frequency up to 75 GHz, with values set at = 2 V and V g5 = -0.6 V. 

[0029] As becomes clear from the chart, the circuit simulation model of the prior art gave a good 
quality of simulation result for the frequency up to about 30 GHz but the deviation from the actually 
measure values increased at the frequency above about 30 GHz. In contrast, the circuit simulation 
model of the embodiment of the present invention, gave a good simulation quality even at the 
frequency above about 60 GHz. In the following, an example of the circuit simulation apparatus, 
which is a materialization of the circuit simulation method disclosed above as an embodiment of the 
present invention, is explained with reference to Fig.4. 

[0030] Fig.4 is a block diagram showing a circuit simulation apparatus according to an embodiment of 
the present invention. The circuit simulation apparatus according to the embodiment of the present 
invention comprises various unit apparatuses which are connected to a common bus line 20, 
respectively. In particular, the unit apparatuses connected to the bus line 20 include a CPU 22, an ROM 
24 for storing a control program, an RAM for storing a program for materializing the circuit 
simulation method, a display apparatus 28, a printer 30 and a disk apparatus 32. 
[0031] Here, the operation of the circuit simulation apparatus according to the embodiment of the 
present invention is explained. The CPU 22 executes the control program having been stored in the 
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ROM 24 and controls operations of unit apparatuses of the entire system unit, such operations as 
reading out a circuit simulation program from the disk apparatus 32 and storing it into the RAM 26. 
The circuit simulation program may be a program for performing processes contained in the flowchart 
on the circuit simulation method according to the embodiment of the present invention and shown in 

Fig.2. 

[0032] Then, the CPU 22 as well as controlling operations within the entire system by performing the 
control program having been stored in the ROM 24, executes the circuit simulation program having 
been stored in the RAM 26. Values required, in correspondence to variables, along the execution of the 
program may be inputted from a keyboard, which is not shown in the drawing, or may, alternatively, be 
obtained by reading out from the disk apparatus 32. The CPU uses the RAM 26 also as a working area. 
[0033] Then, the CPU 22 as well as controlling operations within the entire system by performing the 
control program having been stored in the ROM 24, reads out, for instance, from the disk apparatus 32 
and stores in the RAM 26, a program for deriving S parameter of a field effect transistor using either of 
a lumped constant type equivalent circuit or a distributed constant type equivalent circuit. The CPU 22, 
as well as controlling operations within the entire system by performing the control program having 
been stored in the ROM 24, then executes the program for deriving the S parameter, which has been 
stored in the RAM 26, by making reference to the magnitude of the gate resistance obtained by the 
program for executing processes as shown in a flowchart describing the circuit simulation method 
according to the embodiment of the present invention and derives the S parameter of the field effect 
transistor. 

[0034] The CPU, then, stores the simulation result derived by performing the circuit simulation 
program into the disk apparatus 32. On completing all the simulation processes, the CPU 22 shows the 
simulation result on the display apparatus 28 and if so required prints out by the operation of the 
printer 30. In this way a circuit simulation using a circuit simulation model according to the 
embodiment of the present invention is accomplished. 

[0035] According to the embodiment of the present invention, in this way, it becomes possible to 
approximate more accurately the S parameter of a field effect transistor than is possible with a prior art 
method in which empirically derived components are used to calculate magnitude of the gate 
resistance, as the method according to the embodiment is to calculate the magnitude of the gate 
resistance R g with due consideration to a skin effect exerted in association with a current of a high 
frequency region and uses it for deriving the S parameter of the field effect transistor. 
[0036] The embodiment of the present invention is not limited to the above specific embodiment but 
may be a variation stems from the embodiment. For example, a lumped constant type equivalent 
circuit shown in Fig. 5 or a distributed constant type equivalent circuit shown in Fig. 6 is employed as 
an alternative to each other for deriving the S parameter of a field effect transistor in the case of the 
above embodiment, but any other type of an equivalent circuit may be employed in its place providing 
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the equivalent circuit uses the gate resistance R g . 

[0037] The distributed constant type equivalent circuit shown in Fig.6, is constituted from gate 
electrodes (of which the gate resistance is R g and the gate inductance is L g ) and a drain electrode (of 
which the drain resistance is R d and the drain inductance is L d ) which are described by distributed 
constants, the source electrodes (of which the source resistance is R 5 and the source inductance is L 5 ) 
may also be described by distributed constants. Or alternatively, only one or two arbitrary chosen from 
the gate, drain and source electrodes may be described by distribution constants. 
[0038] The above embodiment of the present invention is concerned with a case in which the present 
invention is applied to a T-shaped gate electrode, the electrode may, however, be of other construction 
than the T-shaped one. The present invention is concerned fundamentally with a configuration in 
which a skin effect exerted in association with a current of a high frequency region is taken into 
consideration in calculating the gate resistance and therefore is not limited to the scopes shown by the 
flowchart in Fig.2 or by the apparatus in Fig.4. 
[0039] 

[Effect of the invention] As becomes clear from the above description, according to the present 
invention, in association with a method of a circuit simulation for estimating the frequency 
characteristics of a field effect transistor using an equivalent circuit, the frequency characteristics are 
estimated using the magnitude a gate electrode resistance derived by taking into account a reduction in 
the effective cross-sectional area due to a skin effect exerted in association with a high frequency 
region. It becomes possible to simulate the frequency characteristics of a field effect transistor at a 
higher level of accuracy, as in this way the method is in accordance with a physical phenomenon 
exerted at a high frequency region, than levels of accuracy achieved by any prior art methods in which 
the gate electrode resistance is approximated by assembling empirically determined components. 

[Brief explanation of drawings] 

[Fig. 1 ] Schematic diagram for explaining the structure of and the skin effect exerted in a field effect 
transistor 

[Fig.2] Flowchart of the circuit simulation method according to an embodiment of the present 
invention 

[Fig.3] Chart showing the frequency dependence of the S parameter of a field effect transistor 
[Fig.4] Block diagram showing the circuit simulation apparatus according to an embodiment of the 
present invention 

[Fig.5] Drawing to show a lumped constant type equivalent circuit of a field effect transistor circuit 
[Fig. 6] Drawing to show a distributed constant type equivalent circuit of a field effect transistor 
circuit 

[Explanation of codes] 
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R g : gate resistance 

R d \ drain resistance 

R s : source resistance 

L g : gate inductance 

Ld : drain inductance 

L s : source inductance 

Cg S : gate-source capacitance 

C g d : gate-drain capacitance 

Cds '• drain-source capacitance 

g d : drain conductance 

g m : mutual conductance 

R is : channel resistance 



10: semiconductor substrate 

12 : contact area 

14 : wiring area 

16 : gate electrode 

18 : no-current area 

20 : bus line 

22: CPU 

24 : ROM 

26 : RAM 

28 : display apparatus 

30 : printer 

32 : disk apparatus 
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[Fig. 1] Schematic diagram for explaining the structure of and the skin effect exerted in a field 
effect transistor 
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10 : semiconductor substrate 

12 : contact area 

14: wiring area 

16 : gate electrode 

18 : no-current area 



[Fig.2] Flowchart of the circuit simulation method according to an embodiment of the present 
invention 
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[Fig.3] Chart showing the frequency dependence of the S parameter of a field effect transistor 
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[Fig.4] Block diagram showing the circuit simulation apparatus according to an embodiment of 
the present invention 
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circuit 



Drawing to show a lumped constant type equivalent circuit of a field effect transistor 




source 

R g : gate resistance 

Rd : drain resistance 

R s : source resistance 

L g : gate inductance 

Ld : drain inductance 

L s : source inductance 

C gs : gate-source capacitance 

Cgd : gate-drain capacitance 

Cds : drain-source capacitance 

gd : drain conductance 

g m : mutual conductance 

R is : channel resistance 



[Fig. 6] Drawing to show a distributed constant type equivalent circuit of a field effect transistor 
circuit 
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C gs : gate-source capacitance 

C g d : gate-drain capacitance 

Cds ' drain-source capacitance 

Gd : drain conductance 

G m : mutual conductance 

R is : channel resistance 
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